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The Structure of the Reformatsky Reagent 

Jan Dekker, Jaap Boersma,* and Gerrlt J. M. van der Kerk 

Laboratory for Organic Chemistry, State University, Croesestraat 79, 3522 AD Utrecht The Netheriands 
The Reformatsky reagent 'BrZnCH 2 C0 2 R' is a cyclic dimer with bridging ~CH 2 C(OR)0- groups. 



The Reformatsky reaction (1) has been used in synthetic 
organic chemistry for almost a century. Although various 
preparative aspects of this reaction have been explored 



extensively, 1 only little is known about the true nature of the 
intermediate (1), the Reformatsky reagent. Both C-metallated 
(la) and O-metallated (lb) species have been proposed on the 
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Figure 1. Crystal structure of (BrZnCHjCOjBu'THF),, with bond 
lengths in A, showing the crystallographic numbering system; 
bond angles are 0(21)-C(22)-C(23A), 124.8; C(22)-C(23A)-Zn, 
108.9; C(23A)-Zn-0(21A), 111.0; Zn-0(21 A)-C(22A), 125.5°. 

basis of spectroscopic data. 2 " 4 However, no molecular struc- 
tures, either in solution or in the solid state, have been 
established. 

i, R' 2 CO 

BrCH 2 C0 2 R + Zn (1) ► R' 2 C(OH)CH 2 C0 2 R (1) 

ii,H a O 

BrZnCH 2 C0 2 R CH-KXORJOZnBr 
(la) (lb) 

In our exploration of organozinc co-ordination chemistry, 
we have been studying the classical Reformatsky reagent (1) 
derived from BrCH 2 C0 2 Et. Since no single crystals of this 
species could be obtained, this study had to be confined to the 
characterization of the species in solution. Recently Orsini 
et al* reported that the Reformatsky reagent prepared from 
zinc and BrCHgCOaBu* in tetrahydrofuran (THF) was a 
microcrystalline compound. We have grown single crystals of 
this compound and determined its structure by A^ray diffrac- 
tion analysis. 

Crystal data: monoclinic, space group Fljn, a = 10.322, 
b = 12,357, c = 1 1 .654 A, j8 = 1 12.65°, Z = 2 (dimeric units). 
The refinement, based on a partial data set (1133 reflections), 
converged at an R value of 0.073. 

The zinc is almost tetrahedrally surrounded by two oxygen, 
one bromine, and one carbon atom. The dimeric unit forms 
an 8-membered non-planar ring, (ZnCCO) 2 , with normal 
zinc-carbon and zinc-oxygen single bond distances. This unit 
is depicted in Figure 1 , with bond lengths and angles indicated. 



t The atomic co-ordinates for this work are available on request 
from the Director of the Cambridge Crystallographic Data 
Centre, University Chemical Laboratory, Lensfield Rd., Cam- 
bridge CB2 1EW. Any request should be accompanied by the full 
literature citation for this communication. 




THF 

(8) 



Figure 2. Proposed intermediates in the reaction of the Reformat- 
sky reagent with a ketone. (A) Four-centre mechanism (attack of 
C a on C b ). (b) Six-centre mechanism (attack of C a ' on C*). 

A comparable 8-membered ring, (ZnNCO) 2 , was found some 
years ago in the structure of methyl N-phenyl-A'-ethylzincio- 
carbamate. 6 

Ebulliometry in THF showed that the t-butyl compound 
retains its dimeric structure in this solvent. The corresponding 
reagent derived from BrCH 2 C0 2 Et is also a dimer in THF, 
dioxan, and pyridine. Moreover, the n.m.r. spectra of both 
reagents in THF, Me^SO, and pyridine show in each case 
almost identical chemical shifts for the CH 2 group bound to 
zinc. We therefore believe that this dimeric structure is the 
basic structure of the Reformatsky reagent. For this reason 
it is, in our opinion, incorrect to describe the reagent as either 
a C-metallated 4 or an 0-metallated 2 mononuclear species. 

Any mechanism operative in the Reformatsky reaction (1) 
must take into account the dimeric structure of the reagent. 
The first step will undoubtedly be the displacement of a co- 
ordinated solvent molecule by a carbonyl compound. In the 
second step the carbonyl group can react either with the CH 2 
group of the zinc atom to which it is co-ordinated in a four- 
centre mechanism (Figure 2 A), or with the CH 2 group attached 
to the other zinc atom of the dimer in a six-centre mechanism 
(Figure 2B). The first possibility is analogous to the mechan- 
ism proposed by Ashby and Bowers 6 for the formation of the 
1,2-addition product in the reaction of Grignard reagents with 
benzophenone. The second one resembles the mechanism for 
the Reformatsky reaction proposed by Mousseron et al? 

A model study shows that more steric hindrance occurs 
between the carbonyl compound and the dimeric reagent in 
the four-centre mechanism than in the six-centre mechanism. 
Moreover, in the six-centre mechanism the carbonyl group 
can more easily approach the carbon atom to which it is 
going to be attached. On the basis of these considerations, we 
prefer the six-centre mechanism. 
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X-ray diffraction anal, showed that the Ref ormatskii reagent prepared from 
Zn and BrCH2C02CMe3 in THF is (BrZnCH2C02CMe3 . THF) 2 . NMR studies suggest 
that the corresponding reagent prepared from BrCH2C02Et is (BrZnCH2C02Et ) 2 . 
This dimeric structure is proposed as the basic structure of the 
Ref ormatskii reagent . 
5764-82-9 

RL : PRP ( Properties ) 

(structure of.) 
5764-82-9 ZCAPLUS 

Zinc, bromo (2-ethoxy-2-oxoethyl) - (9CI) 



(CA INDEX NAME) 



EtO- C~ CH2~ Zn- Br 



CC 29-9 (Organometallic and Organometalloidal Compounds) 
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IT Crystal structure 
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The Reformatskii reagents derived from BrCH2C02R ^(R = Et, Me3C) were 
studied by association measurements and NMR spectroscopy in various solvents. 
The reagents were dimeric in all but the most polar solvents. The x-ray 
crystal structure of (BrZnCH2C02CMe3 ■ THF) 2 (I) showed it 

has a dimeric structure containing both Zn-0 and Zn-C single bonds. The 

dimeric structure found in the crystal persisted in solution In 

the very polar solvent Me2SO, the reagents were monomeric C-metalated 

species. The consequences of these findings for the mechanism of the 

Reformatskii reaction in the commonly used solvents were discussed. 

5764-82-9 

RL: RCT (React ant) ; RACT (Reactant or reagent) 

(NMR and structure of) 
5764-82-9 ZCAPLUS 

Zinc, bromo(2-ethoxy-2-oxoethyl) - (9CI) (CA INDEX NAME) 
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II 

EtO- C- CH2~ Zn~ Br 

CC 29-9 (Organometallic and Organometalloidal Compounds) 

Section cross-reference (s) : 75 
ST crystal structure Reformatskii reagent; mol structure 

Reformatskii reagent; NMR Reformatskii reagent 
IT Crystal structure 
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Page 1 



10/500,999 2 Of 4 



5764-82-9 

RL: RCT (Reactant) ; RACT (React ant or reagent) 

(NMR and. structure of) 
90528-93-1P 

RL: PRP (Properties) ; SPN (Synthetic preparation) ; PREP (Preparation) 
(preparation and crystal structure of) 



Page 2 



